The Veterinary Pharmacovigilance Centre received 59 reports of suspected adverse drug reactions during the period January 1998 -February 2001. The number of reports received increased after the establishment of a formal procedure for recording and responding to reports. The number of reports received per species was: dogs 19, cats 15, cattle 7, sheep/ goats 6, chickens 4, pigs 3, horses 2 and giraffe 1. Many different types of adverse reactions were reported, including lack of efficacy, hypersensitivity, inappropriate use of products by non-veterinarians, known adverse effects and adverse effects encountered with extra-label use of products.
INTRODUCTION
Monitoring reports of suspected adverse drug reactions has been recognised as an essential part of an adequate regulatory system to ensure the safety and efficacy of medicinal products 26 . Monitoring centres that collect and analyse spontaneous reports of suspected adverse drug reactions in veterinary medicine have been established in many countries throughout the world, including the USA, Canada, UK, Ireland, Australia, New Zealand and Sweden. Collated reports are regularly published by the centres to inform members of the veterinary profession of the types of adverse drug reactions that are observed in practice 2, 6, 7, 8, [10] [11] [12] [13] [14] 16, 17, 27 . The purpose is to promote prudent use of medicinal products in animals and to stimulate practitioners to report suspected adverse reactions.
In South Africa, the Veterinary Pharmacovigilance Centre was established in 1998 in the Department of Pharmacology and Toxicology, Faculty of Veterinary Science, University of Pretoria. Initially, the reports were handled on an ad hoc basis within the Department. At the beginning of the year 2000, a formal system of recording, evaluating and responding to reports was developed. This included establishing the Pharmacovigilance Working Group, comprising the academic staff members of the Department (3 phar macologists and 2 toxicologists).
A suspected adverse drug reaction can be defined as any observation in animals or humans that is harmful and unintended and occurs after the use of a medicinal product. This applies regardless of dosage when preventing, diagnosing or treating a disease or modifying physiology 26 . Often, the term adverse drug reaction is used to refer only to abnormalities that occur when a drug is administered at an appropriate dose for the intended purpose, as recommended on the package insert or label of the product 16 . However, the scope of adverse drug reaction monitoring extends to recording and analysing reports pertaining to extralabel use of registered human medicines in animals, herbal, homeopathic or other alternative remedies, as well as suspected lack of efficacy of any product 26 . Suspected adverse reactions as a result of misuse or abuse of products or as a result of pharmaceutical defects or counterfeit products may also be reported.
There are regulatory systems worldwide that control the manufacture, use, access and supply of veterinary medicinal products 24 . These regulations serve to protect the public and aim to ensure the safety of the drug to the target animal, consumer, handler of the drug and the environment, as well as the quality and efficacy of these products. Regulatory authorities assess the safety, efficacy and quality of drugs for use in veterinary medicine before registration and marketing. This assessment is based on data from pre-clinical and pre-marketing trials that are submitted to expert evaluators 25 . Evaluation before registration cannot ensure the safety and efficacy of a product. The relatively small sample size used in these trials means that a rare and sometimes serious reaction may not be identified. Adverse events may have multi-factorial aetiologies or are specific to a particular population. The limited period of time during which a clinical trial must be performed may be too short to discover reactions that take a long time to develop or have a delayed manifestation 23 .
Certain adverse reactions to a product or changes in the frequency of known adverse reactions may therefore only appear after the product has been made available for wide distribution. These adverse reactions should be recorded and analysed to provide the regulatory authorities, pharmaceutical industry, veterinary profession and general public with information that will ultimately lead to the safer and more effective use of registered medicinal products 23 . Reports of suspected adverse drug reactions rarely require corrective action. Often the report is merely recorded. If a new and serious reaction is reported or there is a marked increase in the frequency of reports of a known adverse reaction, the product may be assigned to a priority list for surveillance, batches of the product can be withdrawn from the market or amendments to product literature can be made following discussion with the manufacturer. Amendments to the registration of the product such as limiting the use of the product to certain conditions and patients can also be made. Very rarely will the registration of the product be revoked 9 The purpose of this paper is to present the suspected adverse reactions reported to the Veterinary Pharmacovigilance Centre during the period January 1998 -February 2001 for the interest and education of members of the veterinary profession. It is hoped that this will create an awareness of the importance of monitoring adverse reactions and stimulate reporting by veterinarians.
MATERIALS AND METHODS
The Veterinary Pharmacovigilance Centre relies on spontaneous reports of suspected adverse drug reactions. Reporting is voluntary and reports might be received from veterinarians, paraveterinary professionals, pharmacists, the general public or pharmaceutical companies. Reporters are requested to complete and submit a form (Appendix A), which is published in the Index of Veterinary Specialities (MIMS). Report forms can also be faxed or e-mailed on request and are available on the website of the South African Veterinary Association.
Upon receipt, each report is marked with the date and given a sequential number. The minimum information required to appear in each report is: an identifiable source (name and contact details of reporter), an identifiable animal (species, sex, age), a suspected product (name and/or registration number) and reaction details. If some of this information does not appear on the report, the reporter is contacted and requested to submit these details.
Reports that contain all of the abovementioned information are validated and entered into a computerised database. Thereafter, the report is presented at the next meeting of the Veterinary Pharmacovigilance Working Group. At these meetings, which are held weekly, each report that was received during the preceding week is evaluated and assigned a causality classification namely:
Certain: There is a plausible time relationship between the administration of the drug and the adverse event, which cannot be explained by a concurrent disease or other drugs or chemicals. The response to withdrawal of the drug (dechallenge) is clinically plausible and the event is definitive pharmacologically or phenomenologically, using a satisfactory rechallenge procedure if necessary.
Probable: There is a plausible time relationship between the administration of the drug and the adverse event, unlikely to be attributed to concurrent disease or other drugs or chemicals, and which follows a clinically reasonable response on withdrawal. A positive rechallenge is not required to fulfil this definition.
Possible: There is a plausible time relationship between the administration of the drug and the adverse event, but the event could also be explained by concurrent disease or other drugs or chemicals. Information on drug withdrawal may be lacking or unclear.
Unlikely: An adverse event with a temporal relationship to drug administration that would make a causal relationship improbable, and in which other drugs, chemicals or underlying disease provide plausible explanation.
Reports are then forwarded to the relevant regulatory authority together with an evaluation and recommendation. The Registration Holder (pharmaceutical company) is also informed of any report of a suspected adverse reaction to one of their products.
RESULTS AND DISCUSSION
In total, 59 reports of suspected adverse drug reactions were received during the period January 1998 to February 2001. Only 8 reports were received during the first 2 years (January 1998 to December 1999). Thereafter, the number of reports increased significantly and 27 reports were received during the year 2000. The trend of increasing numbers of reports appeared to be continuing as 24 reports had already been received by the end of February 2001.
Pharmaceutical companies submitted slightly more than half of the reports (33 reports). The other reports were received from private practitioners and veterinary specialists throughout South Africa.
In Table 1 the reports received by the Veterinary Pharmacovigilance Centre are classified according to the Act under which they are registered.
Most reports were received for products registered under Act 36 of 1947. More than half of these reports (62%) stated that non-veterinarians had administered the products.
The Department of Agriculture forwarded all reports of suspected adverse drug reactions to Stock Remedies that came to their attention to the Veterinary Pharmacovigilance Centre. This was not done for Veterinary Medicines.
In Table 2 , the reports are classified according to the species in which the adverse drug reaction was observed.
Two reports did not state in which species the adverse reaction occurred and could therefore not be further evaluated. Most of the reports involved small companion animals (i.e. dogs and cats). This was followed by cattle, sheep and goats. Very few reports were received of suspected adverse drug reactions in horses.
Reports received during the period January 1998 to February 2001 have been grouped according to the species involved.
Canine
Nineteen reports of suspected adverse drug reactions in dogs were received. These reports are summarised in Table 3 .
A large proportion of the reports in dogs (26%) involved antiprotozoals used for the treatment of babesiosis. Three reports involved owners administering diminazene to their own animals without the supervision of a veterinarian. The symptoms described in these cases could be attributed to diminazene toxicity. In 1 case, the dog died and pathognomonic lesions of diminazene toxicity were found in the central nervous system. Four reports were received of suspected toxicity after the use of a topical permethrin formulation. The clinical signs described in these reports included vomition, ataxia, muscle tremors and seizures. These could all be attributed to permethrin toxicity.
Two reports were received of dogs that developed hindquarter weakness and/or paralysis after vaccination. In 1 of these reports the symptoms were described after vaccination with an inactivated rabies vaccine. In the other report the dog was vaccinated with a modified live multivalent canine distemper, adenovirus type-2, parainfluenza and parvovirus vaccine. Acute polyradiculoneuritis with ascending paresis and paralysis of the pelvic limbs has been described in a small proportion of individuals after vaccination 22 .
One report was received of circulatory collapse and death in a young dog after administration of acetylpromazine to prevent motion sickness. A relatively high dose was administered (0.8 mg/kg).
As an "1-antagonist, acetylpromazine is known to cause a drop in arterial blood pressure 4, 5 . No predisposing conditions of cardiovascular compromise were described in the report.
One report was received of seizures in a German Shepherd bitch after treatment with phenylpropanolamine. There is no product containing this active ingredient registered for use in animals in South Africa. However, extra-label use of phenylpropanolamine is widespread among small animal practitioners to treat urinary incontinence in bitches. This "1-adrenergic agonist is used as a nasal decongestant and an anorexiant for weight reduction in humans 15 . Adverse effects of the use of this product in humans include hypertension, anxiety, restlessness and insomnia.
Feline
Fifteen reports of suspected adverse drug reactions in cats were received. Table 4 summarises these reports.
The largest proportion of reports of suspected adverse drug reactions in cats (53%) were after the use of anaesthetic agents.
Six of the 8 reports concerned the use of a steroid anaesthetic formulation containing alphaxalone and alphadalone. Adverse effects included contact dermatitis in the area prepared for surgery, necrosis of the tongue and other extremities and respiratory embarrassment due to lung oedema. The solubilising agent of this formulation is known to cause histamine release, particularly in dogs but also to a lesser extent in cats 5 . The abovementioned adverse reactions could be partially attributed to this histamine release, although there may be other mechanisms as well. Warnings of these adverse effects appear on the package insert of this product. One report described muscle spasms and convulsions during the induction of anaesthesia with this product.
Two reports were received of cats that died shortly after induction of anaesthe- sia using a combination of ketamine and medetomidine. In 1 case, the cat was intubated and placed on halothane shortly after induction. It is possible that in this case the synergistic effects of the combined anaesthetic agents resulted in an overdose. Ketamine/medetomidine anaesthesia has been investigated and found to be safe if prolonged with an inhalant anaesthetic for longer procedures, but at lower concentrations than are normally required 3, 28 . Two reports were received of a suspected adverse reaction to an orallyadministered antidiarrhoeal medicine containing a combination of aminoglycoside and sulphonamide antibiotics, kaolin, pectin and electrolytes. Symptoms described were the formation of vesicles on the tip of the tongue, which progressed to necrosis.
Two reports involved the administration of an aural preparation containing a combination of antimicrobial agents (chloramphenicol, neomycin), an antifungal, and lindane, as well as a corticosteroid and a local anaesthetic used for the treatment of otitis externa and ear mites. In 1 report, the 3rd eyelid of the cat prolapsed immediately after administration of the product. Thereafter, the cat became ataxic, with a head tilt, and salivated and defaecated. This occurred within 0.5 h of administration and the cat recovered uneventfully after withdrawal of the product. These symptoms of intolerance can be ascribed to the lindane in the formulation and are described on the package insert. It is warned that this product should only be used in cats after a trial touch.
One report was received of irritation and apparent hyperaesthesia after application of a pour-on formulation containing fipronil. These symptoms resolved within a day. The cat had also shown similar symptoms when treated with this product a few months earlier. Skin problems of varying types in dogs and their owners after the use of topical fipronil were also reported to Australia's National Regulatory Authority (NRA) Adverse Experience Reporting Programme in 1997 and 1998. Most of these cases also resolved with minimal medical attention 19 .
A report was received of seizures in a cat treated with theophylline for feline asthma. This cat was concurrently being treated with a fluoroquinolone antimicrobial. Treatment with theophylline was initiated with an intravenous formulation, which was replaced with a sustainedrelease oral formulation after 2 days. Blood concentrations of theophylline were determined approximately 1 h after the seizure and were found to be 3 times higher than therapeutic levels. Theophylline is a potent stimulant of the central nervous system, and focal and generalised convulsions can occur with high doses 21 . The package insert of the product that was used warns that there are inter-individual variations in the disposition of theophylline and that the dose should be titrated. Ideally, serum theophylline levels should be monitored. The package insert also warns of interactions between theophylline and various drugs if administered concurrently. Among these interactions it is warned that concurrent administration of quinolone derivatives can increase plasma theophylline concentrations.
Bovine
Seven reports of suspected adverse drug reactions in cattle were received. Table 5 summarises these reports.
Most reports of suspected adverse reactions in cattle followed the use of pour-on pyrethroid ectoparasiticides. Two of the reports described dermatitis in cattle following application of these formulations. Another report described hyperaesthesia and irritability in dairy cows shortly after treatment. One report of suspected inefficacy was received. This report was investigated and it was found that home-made pyrethroid formulations had been used on the farm. Unpublished data suggest that this could lead to the development of resistance to ectoparasiticides.
One report was received of a calf that died acutely from an anaphylactic reaction after administration of a live calf paratyphoid vaccine. The vaccine was administered by the owner without veterinary supervision and had not been stored and handled correctly. Incorrect storage of live vaccines can result in death of bacteria, release of Lipid A and acute anaphylactic reactions.
Ovine/caprine
Six reports of suspected adverse drug reactions in sheep and goats were received. Table 6 summarises these reports.
Three reports involved acute deaths (within 1-3 minutes) in lambs following the oral administration of a niclosamide anthelmintic formulation. These deaths occurred shortly after the manufacturer had reformulated the product. Post mortem lesions included severe lung oedema and congestion of the viscera, indicative of an anaphylactic reaction.
One report was received of lambs dying of tetanus despite vaccination of ewes before lambing. On investigation, it was found that the farmer had not administered a booster dose in accordance with the instructions on the package insert of the product. 
Porcine
Three reports were received of suspected lack of efficacy of a pentobaribitone formulation used to induce general anaesthesia in 2 boars and a sow. The formulation was not registered for use in this species.
Poultry
Four reports were received of suspected lack of efficacy of a coccidiosis vaccine used in poultry. Upon investigation, contributory factors such as incorrect handling and administration of the product were identified in all 4 cases.
Equine
Two reports of suspected adverse drug reactions in horses were received. Both these reports involved the use of an antimicrobial product containing a sulphonamide and trimethoprim.
In 1 report the horse showed signs of excitement and dyspnoea 1-3 min after administration. The horse recovered uneventfully. Anaphylactoid reactions are known to occur in horses after intravenous administration of sulphonamide/trimethoprim combinations and have been attributed to the trimethoprim moiety of these formulations 1 . A warning appears on the package insert that this product should be administered by slow intravenous injection.
In the second report, the horse collapsed and died after a veterinarian administered the product intravenously. Before administration the horse had been sedated with detomidine. A possible interaction may have been the cause of the reaction.
Other species
One report was received of suspected inefficacy of the opioid etorphine used to immobilise 3 giraffe. The animals were darted but refused to go down. One bull died after an extended chase. The report was not investigated in detail, and other factors that may have contributed to the lack of efficacy could not be excluded.
Limitations of adverse drug reaction monitoring
The limitations of monitoring spontaneous reports of adverse reactions must be recognised. Under-reporting is a problem encountered worldwide. Spontaneous reporting is also dependent on the ability of veterinarians and paraveterinary professionals to recognise unknown drug-adverse effect associations 18 . Spontaneous reporting does not yield exact information about the frequencies of adverse drug reactions to a particular drug. Accumulated reports of suspected adverse drug reactions could therefore not be used to calculate incidence rates or estimates of drug risk 18 . Despite these limitations, spontaneous reports serve as a good early warning system of a connection between a drug and an adverse event. These connections are termed 'signals'. Signals then form a basis for the generation of hypotheses, which can be tested by pharmacoepidemiological studies or pharmacological experiments 17 .
CONCLUSIONS AND RECOMMENDATIONS
The number of reports received by the Veterinary Pharmacovigilance Centre is satisfactory, considering that a formal system of reporting has only existed for a relatively short period. Reports were received of suspected adverse drug reactions in all major species, but certain species were not well represented (e.g. equines). Many different types of adverse reactions were reported, including lack of efficacy, hypersensitivity reactions, misuse of products, known adverse effects and adverse effects associated with the extra-label use of products.
A number of the reports addressed products or situations that are unique to South African conditions, e.g. reports concerning the use of antibabesials such as diminazene and imidocarb; reports involving game species unique to Africa; reports concerning the use of ectoparasiticides, which are used extensively owing to the climatic conditions and extensive farming systems in South Africa; reports concerning the use Stock Remedies by animal owners without the supervision of a veterinarian.
The steady increase in the number of reports submitted is encouraging. A more formal system of recording and responding to reports is likely to have contributed to the steep rise in the number of reports received in the latter part of 2000 and the beginning of 2001. There also appears to be an increased awareness amongst veterinarians of the importance of adverse reaction monitoring.
Despite the increase in reporting, there remains much room for improvement. Official collaboration and support from both regulatory authorities is currently being sought. Links with local pharmaceutical companies are also being forged. Furthermore, education of the veterinarians, para-veterinary professionals and the general public must remain a priority. APPENDIX A
